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Outline ...

The ISFS Project
* Phase I - ISFS-in-the-Large

- USGS Prototype / National Scale
- National Tamarisk Habitat Suitability Map

* Phase IT - ISFS Lite

- BLM Prototype / Regional Scale
- 6rand Staircase-Escalante National Monument

Implications for Packaging
and Distribution ...

« Idiosyncratic diversity
* Regionalization

* Generativity

John L Schnase - NASA Goddard Space Flight Center 2

Earth Science Data System Working Groups Meeting - October 21, 2009 - Wilmington, DE v ' ‘ gw



Invasive Species

casting System

Invasive Species

An "invasive species” isa
species that i1s non-native to
the ecosystem under
consideration ...

. and whose introduction
causes or 1s likely to cause
economic or environmental
harm or harm to human
health.

= National Invasive Species Council

Invasive Species
A Top Environmental Issue of the 21 Century ...

* Economic Costs:

~ 8137+ Billion / Yr Dutch ddm disease. dhesmur blighs. and purple
(Pimentel, ot al 1999 NISC Mansgement loasestrife in the novtheasrt; kudzw, Brazilan
Plan, 200}) peppertree, waker hvacinth, nwtria, and fire ants in

d the southeast; zebra mussels, leafy spurge, and
4 En\:'lr()nn‘]cnlal C()St S Astan long-hom beetles in the Midwess; salt cedar,
~ Decreased biodiversity,

Ruscian olive, and Africanized beex in the southwest,
sellow star thistle, Evropean wild oats, oak wilt
ecological services, etc.
v o thistles in the Grear Basin; whirling discase of
. -
Hurnan Health COStb‘ sulmonids in the northwest, hundreds of invasive

discase, Asan clams. and white pine blister rust in
California. cheatgrasy, vanous napweeds and
West Nile Virus. Malaria, etc species from microbes o mammals in Hawaii; and
> i BN SR the bromm tree snake in Guam.

Notorious examples include:

* Agricultural Costs:

Crop pathogens, hoof-and-
mouth, mad cow disease

As many as 50,000 now,
hundreds new each year ...

Federal Government Response

» National Invasive Species
Council (EO 13122 - 1999)

» Chaired by USDA, DOIL, DOC

* USGS has a lead role in dealing
with invasive species science in
natural and semi-natural areas s i
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USGS Science / Client Needs

On-demand, predictive
landscape- and regional-
scale models and maps for
biological invasions

ol Coone So

Low-cost, high-performance
computer modeling

ll-i

Integrated access to
biological field data &
NASA Earth Science data
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The ISFS Project

» Partnership between NASA and the
Department of Interior

* Goal: Use NASA data and technology
to help operational agencies with their
invasive species management decision
processes.

* Based on USGS's early detection and
monitoring protocols.

* Target customers are DOT operational
agencies and DOI lands.

The National Invasive Speoes

Porecastmg System.

ISFS: Invasive Species Forecasting System
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2 USGS

science for a changing workd

SRTM  ~

National Institute for
MODIS Invasive Species Science

-

LANDSAT
Merging continental- g :'-szm
scale MODIS time- = ap' to create
series data, elevation, y landscape-scale
soils, and biological predictive maps of
field data ... invasive species
distributions.

S
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USGS Biological Data

Goddard Space
Flight Center
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High-speed networking interconnects NASA/USGS
cluster computer, modeling, & mass storage resources ...
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TeCh'wlogY Accompllshmenfs Dramatically improved both the quality and capacity of science results

for our USGS clients through code optimization and cluster computing

Scalable processing improvements with

C ! ! C (3 posh Flow i op i et spbory, aaa|
S LR P Fpates  Dek e IR
: .. KConstraints in computational time often \
Re-engineered original S-plus code . M
. ’ Invasive Species Forecasting System forced us to substitute simple models for
into a Fortran routine (¥] S p————— complex, more realistic and accurate models.
* Reduced processing from 18 days to 61 mins veut We needed to greatly reduce computational
. i s e tov o - time to allow us to evaluate larger areas
it - .
Parallelized Fortran code =% more quickly.”
* Reduced processing from 61 mins to 2.47 mins ke R 3
-

- Dr: Tom Stohlgren, Director National Institute of
Invasive Species Science, USGS

Performance of "Adaptive Kriging"
for the CGFS study site exceeded
goals

* 1x Area: goal of 2.47 min, achieved
33 seconds. Exceeded goal by 4.5x

* 10x Area: goal is 24.7 min, achieved
4 min 2 sec. Exceeded goal by 6x

Multiprocessor Scaling Curve
Cerro Grande Fire Site (nn-18)
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Science Accomplishments ... | - i

‘ lamarisk Habitat Suitability ) |

« Important ISFS feature is the use of MODIS NDVI
time series data

* Seasonal variation in "green up” is an important
predictor for many invasive plants

* Time series data used to produce the first national
scale habitat suitability map for tamarisk (saltcedar)
and in fire ecology studies at the Cerro Grande
Wildfire Site near Los Alamos, New Mexico

MODIS NDVT Time Series with Best Fit Anoual Sine Wave
(Green Area of the RGB Composite)

Amplitude

Phase

06/

! Average

Analysis by Jeff Morisette and Jeff Pedelty, NASA Goddard Space Flight Center
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Science Accomplishments ...

« Important ISFS feature is the use of MODIS NDVI
time series data

* Seasonal variation in "green up” is an important
predictor for many invasive plants

* Time series data used to produce the first national
scale habitat suitability map for tamarisk (saltcedar)
and in fire ecology studies at the Cerro Grande
Wildfire Site near Los Alamos, New Mexico

MODIS NDVI Time Series with Best Fit Anoual Sine Wave
(Green Area of the RGB Componite)

o Amplitude

Phase

* ‘ Average

7 Tamarisk ll.‘l{wll;n Suitability J ‘_'L

Analysis by Jeff Morisette and Jeff Pedelty, NASA Goddard Space Flight Center
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Mapping Invasive Species

Using MODIS Times-Series
Data
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Species

Science Accomplishments ...

National habitat suitability map for tamarisk ...
A function of MODIS Land Cover and vegetation

seasonality.

Model based on over 30,000 field data points

compiled by the USGS.

RESEARCH COMMUNIKCATIONS

L ———
ly————— e o e -
S - ——— —

A tamarisk habitat suitability map for the
continental United States
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Tamarisk Habitat Suitability

L

frr-

Morisette, ].T., C. S. Jernevich, A. Ullah, W. Cai, J.A.

Pedelty, J. Gentle, T.J.Stohlgren, J.L.. Schnase, A
tamarisk habitat suitability map for the continental US,,
Frontiers in Ecology, February 2000.
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Phase I
"ISFS-in-the-Large”

A classic implementation:
A physically, programmatically, and
ideologically centralized Web service ...

John L Schnase - NASA Goddard Space Flight Center 11 Earth Science Data System Working Groups Meeting - October 21, 2009 - Wilmington, DE v e Q/ %USGS
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Phase I
"ISFS-in-the-Large”

But what happens
when the context changes?

e b o (hmngung e
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Phase II

"ISFS Lite”

What's the simplest possible
way of doing something useful?

John L Schnase - NASA Goddard Space Flight Center 13 Earth Science Data System Working Groups Meeting - October 21, 2009 - Wilmington, DE v e 0 %USGS
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1. Limit the application to a region of interest

What is the simplest possible
way of doing something useful?
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N\ -
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| s

=
4
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4120000

s va‘l-'k
\‘ \N -
20000

L AN S

e -]
: lr’l .- , ! o , -
i

| e W ﬁ‘ﬁi’ (e |
mmpbsoxnmomdumdmuym & ; e | v gl YV o
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1. Limit the application to a region of interest

2. Input p/a field data f ies of interest
What is the simplest possible nput pra el tava Yor species of fieres

xtm PAM  Rrss.abs i i
T — : way of doing something useful?
405105 4127066 1
404220 4127179 1
434927 4174629 0
423256 4161403 0
459478 4111353 1
430058 4112763 1 : : ‘ :
417830 4106218 1 T MR L A Ty o T AR L gy, (T2 AR AN 5
421461 4109301 1 19 % o A F o nt 5 4 BT RS
vt oo : L ST 2\ il A T Wik "
436867 4141688 0 : ' : Y ’
432029 4148220 o
4332270 4147729 o
: 4141782 0
4131352 0 2
4130866 1 - ta g
4138089 o
4137960 o
4133851 1
4130477 0
L |

SR L
4160000

4120000

'. '/I-"‘ - ﬂ.” F A
k) m o, Ny
wo 7 > cane CLTY
mmuxnnmwummwm : 3 Atk A TR S I) U B
ThoGroonPoimarommieldponbbmd v y ) H :
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xtm ym prey_abs
422424 4159674 1
405105 4127066 1
404229 4127179 1
434027 4174629 0
423256 4161403 0
450478 4111353 1
430058 4112763 1
417839 4106218 1
421461 4109301 1
442243 4103983 1
436867 4141688 0
432029 4148220 4]
432270 4147739 0
s 4141782 0
4131352 0

4130866 1

4138089 0

4137980 4]

4133851 1

4130477 0

h |

gsenm_250m_ndvi_maxpeakvalue

gsenm_250m_mvic_TreeCover

gsenm_250m_ned_slope

grenm_250m_ndvi_greenup

gsenm_250m_ewucl_dist_streams

gienm_250m_melc CoverType

4160000

4120000

What is the simplest possible
way of doing something useful?

:
Sy

N

A
~

L

1. Limit the application to a region of interest

2. Input p/a field data for species of interest
3. Input site-specific environmental predictors

"
", 5 NG\ T he
7] 77 R N

p.
£

4160000

4120000

John L Schnase - NASA Goddard Space Flight Center
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xutm m Rrgg abs
422424 4159674 1
405105 4127066 1
404229 4127179 1
434927 4174629 ]
423256 4161403 0
450478 4111353 1
430058 4112763 1
417839 4106218 1
421461 4109301 1
442243 4103983 1
436867 4141688 0
432029 4148220 0
433270 4147729 o
3 4141782 ]
4131352 0

41306866 1

4138089 0

4137980 0

4133851 1

4130477 0

L1

gsenm_250m_nadvi_maxpeakvalue

gsenm_250m_mvic_TreeCover

gsenm_250m_ned_slope

grenm_250m_ndvi_greenup

gsenm_250m_ewucl_dist_streams

gienm_250m_melc CoverType

S —

4160000

4120000

1. Limit application to a region of interest
) ) . 2. Input p/a field data for species of interest
What is the simplest possible 3. Input site-specific environmental predictors
way of doing something useful? 4. Produce predicted habitat suitability map

4160000

4120000

& s 4 "‘o; "'{'1 . a0 A y! af R ¥ 4 . y
& VA ISEZRY ) 1 i

! s 3
) S 3
B /79 LYY
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Merged Data Set Builder
mdsBuilder

.

Field Data Input File

£

Merged Data Set

What is the simplest possible
way of doing something useful?

Model Builder
modBuilder

Map Builder
mapBuilder

°

Model Run XML Output

2. Input p/a field data for species of interest
3. Input site-specific environmental predictors
4. Produce predicted habitat suitability map

5. Use simple, hardened workflow components

Report Builder
rptBuilder

Model Run Report

Model Run GeoTIF Output

John L Schnase - NASA Goddard Space Flight Center
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3. Input site-specific environmental predictors

. . ) 4. Produce predicted habitat suitability map
What is the simplest possible 5. Use simple, hardened workflow components
way of doing something useful? 6. Use minimal interfaces and minimal outputs

| G‘mm e)l

QuickMap

John L Schnase - NASA Goddard Space Flight Center 19 Earth Science Data System Working Groups Meeting - October 21, 2009 - Wilmington, DE v ’ G USGs
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4. Produce predicted habitat suitability map

. . . 5. Use simple, hardened workflow components
What is the simplest possible 6. Use minimal interfaces and minimal outputs
way of doing something useful? 7. Accommodate multiple platforms and uses

’ il ATEY 11:33 AM
ISFS: Invasive Species Forecasting System

@ -Forecasting System SUSGS,

| [EmERE e =

-
ohn L Schnase - oddard Space Flight Center 20 a cience Data System Working Groups Meeting - October 21, - Wilmington, G
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ISFS / QuickMap @
Grand Staircase-Escalante
National Monument

A light-weight, site-specific
runtime service ...

Based on a simple, adaptable,
componentized "ISFS Framework"
that implements a generative approach
to scientific work-flow management ...

Light-weight application, runs on laptop
and desktop computers, assumes only
intermittent / asynchronous internet
connectivity, personalized / private data
management, iTunes U / RSS / peer-to-
peer sharing and communication ...

ISFS-G100-Console

ISFS-G101-Moqui
ISFS-G102-Cayote
ISFS-G103-Peregrine
ISFS-G104-Pareah
ISFS-G105-Wolverine

John L Schnase - NASA Goddard Space Flight Center 21 Earth Science Data System Working Groups Meeting - October 21, 2009 - Wilmington, DE v 9 %USGS
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&

e

LISN / NPS Fire Ecology / USGS Development

scyence for & changing warld NASA InnOVGTive PGrTner‘ships Pr‘ogr‘am

"
’.Ié USGS @ Innovative Partnerships Program (IPP) Office

Boise, Idaho

Fire Center

2009

National Institute
Invasive Species Science

Julian

Invasive Species Modeling and Assessment System

S5 DAPARTHENT OF THE INTHEISE

ISFS Development & e =

Current Situation 2008 ISFS \r/’;cgrs\ework National Lanscape Conservation System
- Two complementary threads (V1.65)
- One shared prime contractor % National Geospatial Technology Extension Network
(Located in JLS lab at GSFC)
- Same people, different places
(Shasby, Morisette, Sheffner, etc.) National Geospatial Technology Extension Network
- Synergistically intertwingled YERC, NPS,
USGS, NASA GSFC, NASA ARC activities ...

ZUSGS = -~/
Fort Collins Sclence Center i 2006

THL UNSVERSITY OF ARIZONA,

PR Sy | At | S | P | S 8 P | ey | e -

: ' ISFS Framework Grand Staircase-Escalante National Monument
USGS Fort Collins Science Center 2005 (V10-V15)

Us6Gs - NASA -
Web-based analysis services .. o Web-enabled DSS framework and tools ...

« ISFS component technology and data &5 ) O o) « Operational deployment at BLM's Grand Staircase-
products being integrated into several ol ISFS ol Escalante National Monument
online modeling and data services e F'"?\'/“g‘;’;""k v « New collaborators include NASA ARC, BLM's

* Online ISFS modeling capabilities > ' 2 National Landscape Conservation System, and the
available to the National Park Service — — National Geospatial Technology Extension Network

» Coordination thru Innovim, LLC, the = « Being evaluated for use by NIFC's Burned Area

-- ._.._-

prime contractor for NASA and USGS ,\"Forecasting % i Emergency Response Program
« Jeff Morisette (former NASA - !m.ﬁ * Subject of 7 NASA New Technology Reports
collaborator) now at USGS facilitating o * Technology available for government and private-

invasive species research and modeling ... ISFS J2EE Engineer‘ing Prototype sector licensing and partnering

John L Schnase - NASA Goddard Space Flight Center 22 Earth Science Data System Working Groups Meeting - October 21, 2009 - Wilmington, DE v 9 a Youo
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So what?

Implications for the packaging and distribution of
assets ...

* ISFS representative of many decision support
problems in biodiversity, ecosystem forecasting,
natural resource management

* NASA does science and data at a global scale, but
the vast majority of policy, budgetary, and
resource management decision-making occurs at a
regional scale

* For NAS's "societal benefit" goals of the Decadal
Survey missions, think about applications that
enable the social construction of scientific practice

‘)‘ ;".-;N‘,r - '.ﬂ'\g § ..v‘ .‘THJI"\?‘Q‘\?‘ - !ﬂ',‘:,"'\ .;.
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So what?

Implications for the packaging and distribution of
assets ...

* ISFS representative of many decision support
problems in biodiversity, ecosystem forecasting,
natural resource management

Unique, but ...

- applicable to a large customer base in this domain
- applicable to many related biological problems

- implements frequently encountered workflow processes of data
assembly, data integration, analysis, presentation rendering, publishing,
collaboration

- involves interdisciplinary, inter- and intra-organizational partnerships

... Idiosyncratic diversity

- -
John L Schnase - NASA Goddard Space Flight Center 24 Earth Science Data System Working Groups Meeting - October 21, 2009 - Wilmington, DE v e @ éuscs
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Invasive Species

So what?

Implications for the packaging and distribution of Perhaps the single most significant shift ...
assets ...
- “societal benefit” means greater direct societal involvement
* ISFS representafive ,Of many decision support - direct societal involvement means a hugely expanding customer base
problems in biodiversity, ecosystem forecasting,
natural resource management

- iTunes : Playlist :: Decadal Survey Data : Emerging DS Applications

- implies increased localization, specialization, personalization
* NASA does science and data at a global scale, but

most policy, budgetary, and resource management

decision-making occurs at a regional scale EEha s gDty
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Invasive Species

So what?

Generativity refers to a system’s capacity to produce unanticipated change
Implications for the packaging and distribution of through unfiltered contributions from broad and varied audiences. The
assets ... concept highlights aspects of an innovation or process that enable an

autocatalytic feeding-forward — a self-assembly — that can help make

» ISFS representative of many decision support growth, further innovation, and success possible.

problems in biodiversity, ecosystem forecasting,
natural resource management

Zittrain identifies five properties of generative systems:

(1) How extensively a system or technology leverages a set of possible tasks:

* NASA does ,SC'_ence and .da’ra at a 9|°ba| scale, but Leverage makes a difficult job easier, and, in general, the more a system
the vast majority of POI'CY' budgetary, and can do, the more capable it is of producing change.
resource management decision-making occurs at a (2) How well it can be adapted to a range of tasks: Adaptability enables new,
regional scale unintended, and innovative uses of a technology. It broadens the

technology’s use.

* For NAS's "societal benefit” goals of the Decadal (3) How easily new contributors can master it: Ease of Mastery reflects how
Survey missions, think about applications that easy it is for broad audiences to understand how to adopt and adapt it. The
enable the social construction of scientific practice more useful a technology is both to the neophyte and the expert, the more

generative it is.

(4) How accessible it is to those ready and able to build on it: Accessibility
makes it easier to obtain the technology and the information necessary to
achieve mastery. The more accessible, the more generative.

(5) How transferable any changes are to others, including non-experts:
Transferability reflects how easily changes in the technology can be
conveyed to others.

... generativity

Zittrain, J. 2008. The Future of the Internet—And How to Stop It. Yale University Press, New Haven. 342 pp. This
material is also available on the Web. See the Future of the Internet Posting, Attp.//vupnet.org/zittrain/archives/13#11
(as of August 21, 2008, 10:30 EST).
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